Agulhas Sources
The manner in which the Agulhas Current is supplied from different sources could be a major factor in establishing how variations in its flow come about. Contrary to classical portrayals [e.g., MOller, 1929 ] the sources of the Agulhas are not dominated by the Mozambique Current [Saetre and Da Silva, 1984] , or by the East Madagascar Current [Lutjeharms, 1988] Fine, 1993] . The pathways of the deeper waters south of Africa are currently the subject of a large international Lagrangian float experiment, the Kap der guten Hoffnung Experimente (KAPEX), which, hopefully, will give some answers to how these waters are exchanged between the two ocean basins [Boebel et al., 1998 ].
The hydrographic characteristics of waters that constitute the Agulhas Current are of particular importance when estimates are made of the water exchanges that occur south of Africa. In the cauldron of different water masses at the Agulhas retroflection, water of subantarctic origin is drawn northward across the Subtropical Convergence as part of the ring spawning process [Lutjeharms and van Ballegooyen, 1988b ]. This process can inject large amounts of cold, low-salinity water into the southeastern Atlantic [Shannon et al., , 1990 ] not only extending the spectrum of characteristic water masses present but also, through mixing, significantly complicating the interpretations of the surface waters. 
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and enhance the cross-frontal exchange of water masses and heat [Lutjeharms, 1987] . The associated eddy stresses may also exert a net force and accelerate the mean flow considerably (Figure 2 ) [Feron, 1994; Feron et al., 1998 ]. 
Estimates of Indian-Atlantic Ocean Exchange
Although it is difficult to estimate the amount of Indian Ocean Water that enters the South Atlantic through Agulhas leakage because of its highly intermittent character, several attempts have been made to quantify this inflow, using a large variety of approaches. A compilation of estimates is given in Table 1. A common problem to these estimates is that they consider the Agulhas rings to consist of pure Agulhas Current water. Having calculated the volume of the rings and their shedding frequency one then supposedly has a reasonable assessment of the water exchanges. However, this ocean region is known for its very high ocean-to-atmosphere heat [Bunker, 1988 [1996] used infrared images to study interocean fluxes brought about by the intrusion of Agulhas filaments into the Atlantic Ocean (Table 2 ). These features also contain Indian Ocean water but are less coherent than rings. Owing to the small depth of these filaments their volume transport is small and also their thermal signature will be rapidly lost to the atmosphere. However, they might contribute considerably to interocean exchange of salt.
Since atmospheric cooling rapidly attenuates the thermal signature of Agulhas rings, the detectability by infrared methods is low and confined to the Retroflection area. The decay of the sea surface elevation of rings is much slower, and rings can be followed across the entire Atlantic using altimeter data (Table 3 ). An average of six rings appeared to be shed each year, pinching off at irregular intervals [Feron et al., 1992;  Table 4 . These estimates are based on the temperature and salinity contrasts between the enclosed water and its surroundings. Figure 6 ] it is not known how much influence these interactions have on the upwelling regime. The results of the BEST experiment do not support or dismiss the conjecture that the cold water path dominates over the warm water path [Schmitz, 1995; Macdonald and Wunsch, 1996] . Garzoli and Gordon [1996] It could be that the source of AAIW is underestimated by the baroclinic calculations of Garzoli and Gordon [1996] . The total transport of the Benguela Current (16 Sv), however, is only slightly larger than the baroclinic transport (13 Sv) 
Estimates of heat fluxes F(• and salt fluxes F s fluxes due to ring translations and their available potential energy (APE) and kinetic energy (KE) am tabulated in

Them is also a direct leakage from the upper layers of the
Fate and Gyre-Scale Impact of Agulhas Rings
Global Impact
An interesting question is whether the dominance of the warm over the cold route (or vice versa) influences the process of NADW formation. The fact that deep water forms mainly in the North Atlantic, rather than in the North Pacific, is generally ascribed to the high surface salinities found in the Atlantic Ocean [Warren, 1983] , which enables subpolar winter cooling of the surface water to increase the density toward deep water values. Gordon et al. [1992] argue that the input of salty subtropical Indian Ocean water by Agulhas leakage might be partly responsible for this salty Atlantic thermocline: as this salty input is compensated for by the export of fresher water masses (whether NADW or South Atlantic "shallow" water masses), it effectively removes freshwater from the Atlantic. They speculate on the possibility that the production of NADW exists owing to the presence of Agulhas leakage, assigning a possible key role to Agulhas leakage for maintaining the present-day climate.
Another the impact on NADW formation was negligible. They also showed that the heat transport from the Indian Ocean into the South Atlantic was almost insensitive to Agulhas leakage, whereas in the South Atlantic heat gain from the atmosphere increased as Agulhas leakage decreased. A similar result was found by Drijfhout et al. [1996] . In their model Agulhas leakage is totally absent. This is compensated for by an excess diabatic forcing of AAIW through increased ventilation within the South Atlantic midlatitudes. The latter is due to a restoring boundary condition for surface salinity. Piola and Gordon [1989] 
Dynamics and Modeling
As discussed earlier, the mass and heat transfers between the Indian and South Atlantic Oceans are achieved largely b y rings and filaments originating at the Agulhas retroflection. The substantial range in observed exchange values (see Table  1 "what drives the interocean exchange?" now turns into the question: "why is there so little interocean exchange, given the present (and past) wind forcing?" Although the exchange is surprisingly small in the sense that it is only a minor part, some 10% of the Agulhas Current transport, it still is a major input into the South Atlantic, amounting some 30 to 50% of the transport in the South Atlantic subtropical gyre. Therefore, from the climatological point of view it is also extremely important to determine the causes and effects of the observed variability of the exchange. A quest for answers to these questions leads to an investigation of the causes of the retroflection of the Agulhas Current after its separation from the South African shelf, to the associated dynamics of ring shedding and to their variability. This result differs from isopycnic coordinate three-layer model simulations de Ruijter, 1986, Boudra and , where significant retroflection was found in flat-bottom experiments both with rectangular and with triangular shaped "African" continents. The latter experiments also employed eddy-resolving horizontal resolution. A dominant term in the vorticity balance at the retroflection was the mean stretching in the upper layer, generating anticyclonic relative vorticity. However, comparison with altimeter data [Feron et al., 1998 ] suggests that the parameter setting in the experiments of Boudra and de Ruijter [1986] and Boudra and Chassignet [1988] has probably led to an overrepresentation of the mean upper layer stretching in the average vorticity balance. A dedicated series of experiments to compare these dynamics in both models would be necessary to clarify this issue.
Matano [1996] Chassignet and Boudra [1988] showed that inertia and baroclinicity had to be relatively weak for rings to form in the isopycnic model. As inertia increased, more fluid retroflected and fewer rings were formed. They suggested that the actual shedding of rings was brought about by a mixed barotropicbaroclinic instability in the strong shear zone where the current loops back upon itself. They also confirmed the importance of the injection angle with respect to the northsouth axis. Changing the shape of the African continent from a rectangle to a triangle facilitated ring generation.
The main focus of the previously discussed studies were the local dynamics of Agulhas variability and ring shedding. An important question left unanswered is whether ring shedding and associated leakage are driven by these local dynamical processes or by the far-field conditions imposed by the largescale forcing. This issue was recently addressed by Nof and Pichevin [1996] 
Eddy-Permitting Models
To simulate the interocean exchange numerical models must describe the Agulhas Current and its retroflection, ring shedding, and drift, i.e., the leakage of warm and salty water into the Atlantic, in a qualitatively and quantitatively correct way. Successful simulations of the formation and drill of Agulhas rings and other vortices depend on parameters such as grid resolution and viscosity [e.g., Chassignet et al., 1989] . The vertical coordinate system, governing equations, boundary conditions and details of geometry all have direct impacts on the number of model rings formed, their lifetime, and propagation speeds [Chassignet, 1992] .
Comparisons of models with different resolution [e.g., Thompson et al., 1997] have shown that only models with horizontal grid spacing finer than 1 ø have the potential ability to generate Agulhas rings and to fulfil the above requirements. So only these "eddy-permitting" models are treated in the following. Table 7 [Stevens, 1990] [Matano, 1996] . An important point is also the correct forcing at the sea surface by wind, heat and salt fluxes. Daily wind data seem to improve the ring formation and drift [Maltrud et al., 1998 ], leading to higher mesoscale variability. In POCM, POP, and AGAPE different levels of complexity were used in the thermal flux formulation (Table 7) . It is hardly known how these details affect the solution, but it is expected that the choice of the thermal forcing will significantly affect the basin-wide heat transport in the models [BOning and Bryan, 1996; Stammer et al. , 1996] . Because of the large uncertainties in estimated precipitation, evaporation and river runoff most models restore salinity to climatological values. This must lead to an underestimation of salinity in some regions 
